IntroductIon
Reproductive patterns vary widely among brachyurans. Some species reproduce in the intermolt period, while others breed immediately after females molt; many species spawn only once during a reproductive season, while others can spawn more frequently (Hartnoll, 1982) . Multiparous brachyuran females retain viable sperm and do not need to copulate prior to each spawning; hence they are likely to store sperm from more than one male in their seminal receptacles (Diesel, 1991) . Some species produce gametes more or less continuously, and the sequential production of offspring is interrupted only during the incubation period (Reigada and Negreiros-Fransozo, 2000) . The occurrence of ovigerous females with fully grown gonads, which indicates that more than one spawning occurs in a single intermolt period (Choy, 1988; Sumpton, 1990) , and observations of variability in fecundity among females of similar sizes have been attributed to the occurrence of multiple spawning, although these inferences are only speculative (Leme, 2006) .
In brachyurans, fecundity is usually evaluated in relation to the crabs' size or weight, to environmental variations, to the brood survival rate, or even to the ability to accumulate yolk in the thoracic cavity (e.g., Hines, 1982; Jones and Simons, 1983; Du Preez and McLachlan, 1984; Branco and Avilar, 1992; Mantelatto and Fransozo, 1997; Santos and Negreiros-Fransozo, 1997; Góes et al., 2005; Hines, 2011; Antunes et al., 2015) . Fecundity is a volumetric dimension and female size is a linear measure. The slope based on the allometric model should approximate 3.0 (i.e., b = 3.0), and the intercept will represent the absolute number of eggs, independently of female size (a; see White and Gould, 1965; Wootton, 1979) . Consequently, slopes differing from 3.0 imply the absence of a simple volumetric relationship (Somers, 1991) .
In female crabs, the content of oocytes in the ovaries is displayed during spawning. After fertilization, the eggs are deposited on the pleopod setae, where they remain until the end of the incubation. Thus, a female's investment in a particular spawning can be determined in two ways: by measuring the fully developed ovaries, or by counting the eggs in the exteriorized egg mass (Hartnoll, 1996) .
According to Bryant and Hartnoll (1995) , the energy investment in the reproduction process can be measured by means of the reproductive effort, e.g., by the specific size of the reproductive output per unit of time. In brachyurans, investment per brood in dry weight terms has a mean of about 10% (Hines, 1982; Brante et al., 2004) . The number of eggs per spawning per breeding season is complementary and necessary information for understanding the contribution of a single female to its natural stock.
The majority of the literature concerning multiple spawning in crabs refers to the Majoidea, probably because most species of this group are economically important, and also because they show determinate growth (terminal anecdysis) (Hartnoll, 1963) . With reference to the Xanthoidea, Morgan et al. (1983) found that Rhithropanopeus harrisii (Gould, 1841) is able to retain viable spermatozoa while spawning repeatedly after a single copulation. Morgan and collaborators also mentioned the possible ecological significance of spermatophore retention. Synchrony between gonad and embryo development has been observed in southwestern Atlantic crabs such as the portunoids Portunus spinimanus Latreille, 1819
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Nauplius, 25: 2017006 and Callinectes danae Smith, 1869 (see Santos and Negreiros-Fransozo, 1997; Costa and NegreirosFransozo, 1998) , and the aethroid Hepatus pudibundus (Herbst, 1785) (see Reigada and Negreiros-Fransozo, 2000) . They noted the capacity of these species for multiple spawning in a single reproductive year-season. However, little information is available on this subject for the representatives of the Eriphiidae.
Eriphia gonagra (Fabricius, 1781) is a common crab in the intertidal zone on the northern coast of São Paulo State, Brazil and it can be find in rocky shores or living associated with colonies of Phragmatopoma (Polychaeta, Sabellariidae) (Andrade et al., 2014) . The available knowledge on this species is related to larval and juvenile development (Fransozo, 1986; Fransozo and Negreiros-Fransozo, 1986; 1987; ; heterochely, sex ratio, relative growth (Góes and Fransozo, 1997; 2000, respectively) , fecundity (Góes et al., 2005) and differential habitat use by demographic groups (Andrade et al., 2014) . The multiple spawning was suggested to occur in this species (Góes et al., 2005) , but no conclusive evidence was provided by authors.
The present study aimed to analyze the variation of reproductive investment in relation to females' size of E. gonagra, verify the frequency of non-ovigerous females in different size classes considering their gonad stages and evaluate the synchrony between gonad and embryo development as a multiple spawning evidence. Additionally, we propose a reanalysis of fecundity data presented by Góes et al. (2005) , where we used allometric equation to extract information, which agrees with the reproductive investment variation.
MaterIal and Methods
Females of E. gonagra were sampled monthly during 1996 and 1997, by scanning the rocky shore of "Praia Grande" beach (23º28'02"S 45º03'35"W) at Ubatuba, São Paulo. The crabs were collected by hand, with a capture effort by two people for two hours. In the laboratory, the specimens were counted and the carapace width (CW) measured with a caliper (0.01 mm). Immature females were not utilized in the analysis. The mature females were grouped as ovigerous and non-ovigerous. The crabs were dissected, and the developmental condition of the gonad was recorded by macroscopic observation. The gonads were classified in three developmental stages, based on the shape, volume, and color of the ovaries: rudimentary (RU), with whitish or translucent ovaries, with no evidence of vitellogenesis; developing (ED), with light-yellow ovaries, indicating yolk accumulation in the oocytes during primary vitellogenesis; and developed (DE), with oocytes filled with yolk during secondary vitellogenesis (adapted from Johnson, 1980; Choy, 1988; Abelló, 1989 .
The pleopods of the ovigerous females were cut at their base and fixed in 70% ethanol. The eggs adhered to the pleopods were immersed in a solution of 5-6% sodium hypochlorite (NaClO), and then separated using a mechanical shaker. Because this species bears a large number of eggs, a subsample obtained with a Motoda sampler (Motoda, 1959) was counted. The eggs were counted under a stereoscopic microscope, using a manual counter, and the total egg number (EN) was calculated for the whole egg mass. The females and their egg masses were dried in an oven, and the dry weight of the females (FW) and the eggs (EW) were measured on a precision balance (0.001 mg).
The ovigerous females were sorted into three groups according to the developmental stage of their eggs (IN, INT, and FIN) . After that, each group was again subdivided according to the gonad development (RU, ED, and DE). These data were plotted on a histogram and compared by means of Goodman's test (α = 0.05) (Curi and Moraes, 1981) , which evaluates contrasts between binomial proportions. All mature females were grouped in seven size classes with amplitude of 4.2 mm CW, the same interval used by Góes et al. (2005) .
The fecundity variation was evaluated by calculating the mean and standard deviation of the fecundity, and the fecundity index (FI) with maximum and minimum values (FI = EN/CW) for each size class. These features were compared among females' size class, using Kruskal-Wallis test followed by Dunn's test (Zar, 1999) .
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Nauplius, 25: 2017006 The reproductive effort as a function of the crab size (CW) vs. female weight was evaluated by means of an allometric technique. Prior to this analysis, the data (CW, FW, EW and EN) were log-transformed. The transformed data were fitted to an allometric equation: Y = a + bX; where X = Log (CW or weight) and Y= Log (EW or EN), and "a" and "b" are constants that indicate the intercept and the slope, respectively. The allometry level is indicated by the "b" value (b = 3 indicates isometry, and b ≠ 3 indicates allometry for the relationship between carapace width and number of eggs (Somers, 1991) ; or b = 1 indicates isometry, and b ≠ 1 indicates allometry for the relationship between female weight and egg weight).
The non-ovigerous adult females, grouped in size classes, were also plotted on a histogram according to the gonad development (RU, ED, and DE). The values for frequency of occurrence were compared by means of Goodman's test (α = 0.05) (Curi and Moraes, 1981) .
The female crabs' reproductive investment in terms of egg mass can be determined in two ways: by measuring the ripe ovaries, or by measuring the newly laid egg mass (Hartnoll, 1996) . Here we chose the second option. For comparative purposes, the investment was expressed as a percentage of the female body size. The RI (reproductive investment) was compared among size classes by ANOVA followed by Tukey test (Zar, 1999) .
results
A total of 417 females of E. gonagra were obtained, of which 121 were immature, 90 ovigerous, and 206 non-ovigerous. Proportions of females with gonads in different stages within each group of embryonic stage showed significant differences (Fig. 1) . In short, ovigerous females with eggs in IN embryonic stage had a smaller proportion of gonads in DE (Goodman's test, p<0.05). This pattern tended to change for females that showed INT embryonic development: a higher proportion of these females were in ED gonad stage (Goodman's test, p<0.05). A higher proportion of females with FIN embryonic development were in DE gonad stage (Goodman's test, p<0.05).
Fecundity index (FI) varied from 141.26 to 876.31, with a mean of 514.57 ± 185.08. The FI showed significant differences among size classes (KruskalWallis, p<0.001), with the highest mean values in the larger size classes (Fig. 2) .
The relationship CW vs. egg number (Fig. 3A) showed significant negative allometry (p < 0.05; t tab = 1.66; t cal = 1.68). The relationship FW vs. EN (Fig. 3B) showed isometry (p > 0.5; t tab = 1.66; t cal = 0.33), and the relationship FW vs. EW (Fig. 3C ) also showed isometry (p > 0.5; t tab = 1.66; t cal = 0.27).
The estimated total mean reproductive investment (RI) was 11.31%, but showed marked variation within each size class, and low variation in the mean values among all size classes (Fig. 4) . The mean values of RI did not differ significantly among size classes (ANOVA, p <0.05).
The analysis of frequency of occurrence of the different gonad developmental stages among size 
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dIscussIon
In E. gonagra, gonads and embryos showed synchronous development, and fecundity and RI varied widely among females of the same size class. The mean RI value recorded was 11.31%, with no significant differences among the means for different females' size classes. The confirmation of the synchrony between female gonad and embryo development indicated that this species has multiple spawning, because after their eggs hatched, the females had gonads in an advanced stage of development, and could then exteriorize a new egg mass.
The adaptive significance of spermatozoon retention has been studied from different points of view. Subramonian (1991) stated that females are able to store spermatophores until their gonads are completely developed; and Biscoito et al. (2016) , studying Chaceon affinis (Milne-Edwards & Bouvier, 1894), found spermatophores inside spermatheca of females in carapace stages II and III suggesting that spermatophores are viable and used during the intermoult period. According to Cheung (1968) , the capacity for spermatozoon retention affects the reproductive ecology of crabs; for instance, females 
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Nauplius, 25: 2017006 of Menippe mercenaria Say, 1818 can produce more than 10 egg masses during one intermolt period, with only one mating. As observed by Flores and Paula (2010) , two crab species [Xantho incisus Leach, 1814 and Pachygrapsus marmoratus (Fabricius, 1787)] from rocky intertidal area breed intensively producing multiple broods within a single intermoult stage. Possibly this process occurs by the similar way in E. gonagra. If the female reproductive activity ceased just after the larvae are released, there would be no reason to synchronize energy investment between ovarian development, yolk production, and incubation, because in most crabs mating occurs after the females have recently molted. A short space of time between larvae hatching and the next spawning may indicate that if a period of exhaustion occurs, it tends to be very short and therefore less important to the reproductive cycle as a whole (Rotlland et al., 2007) .
In E. gonagra, the egg number and the female carapace width are positively and significantly associated (r 2 = 0.84) (Góes et al., 2005) . Species of Eriphia Latreille, 1817 already studied on this subject showed number of eggs related to the size of the individual crab, such as Eriphia smithii MacLeay, 1838 (Vannini and Gherardi, 1988; Tomikawa and Watanabe, 1992) and Eriphia verrucosa (Forskål, 1775) (Karadurmus and Aydin, 2016) . Those crabs are large and carry many eggs when compared with E. gonagra, as found by Góes et al. (2005) (see Tab. 1).
Variation in the intraspecific fecundity in females of similar size has been reported for other brachyurans: H. pudibundus studied by Reigada and Negreiros-Fransozo (1995) , P. spinimanus by Santos and NegreirosFransozo (1997) , Callinectes ornatus Ordway, 1863 by Mantelatto and Fransozo (1997) , C. danae by Costa and Negreiros-Fransozo (1998), and Aratus pisonii (H. Milne Edwards, 1837) by Leme and NegreirosFransozo (1998) . This variation has been attributed to environmental and biotic factors such as temperature, photoperiod, salinity, and the nutritional state of the females.
Assuming that in the case of multiple spawning, the number of eggs tends to decrease in the later spawning, the wide variation in the number of eggs produced and the high standard deviation for the fecundity of females in each size class found for this species could be related to multiple spawning. As Adiyodi and Adiyodi (1970) suggested, the antagonism in use of energy resources between the processes of molting and gamete production may be a factor that increases the variability in fertility. Bryant and Hartnoll (1995) assumed that the first egg mass produced by a female immediately after the puberty molt would be smaller than egg masses in subsequent spawning, because the female would have expended large amounts of energy during molting and growth. This mechanism is evident in the representatives of Majoidea, because of their determinate growth. Nevertheless, even if one considers that E. gonagra has indeterminate growth, the first spawning after a molt could be smaller than the next spawning, for the same reason. Therefore, comprehension of the patterns of reproductive effort depends on understanding the cause of the variations in fecundity in same-sized females, as well as knowing the maximum number of spawning that would be possible for a single female during one intermolt period in a particular breeding season. The capability of females of E. gonagra to spawn just after the larvae are released probably increases their reproductive investment. 
Nauplius, 25: 2017006 The processes of growth and reproduction compete for energy resources, and can therefore involve risks (Hartnoll, 1985) . Variations in the period of time between molting and reproductive events allow for adjustments between the energy expended for reproduction and that expended for growth (Brody, 1991; Costa and Negreiros-Fransozo, 1998) . This interpretation of the data allows us to formulate a hypothesis that larger individuals invest more energy in reproduction than smaller. However, analysis of RI for E. gonagra showed wide variations in the values for specimens of similar size. González-Pisani and López Greco (2014) observed similar variation in two species of spider crab which both presented significant amplitude in the number eggs related to body size, suggesting that external factors other than size affect fecundity. We propose this may be related to the occurrence of multiple spawning and the variation between different spawning during the same reproductive period.
We also observed that the mean values of RI in all size classes were very close to the total mean (11.31%), with some discrepancies, but always less than the standard deviation. This suggests that the reproductive investment does not vary as a function of female size.
In addition, the allometric analysis of fecundity (Log number of eggs vs. Log carapace width) indicated the existence of negative allometry (b < 3), suggesting that the larger females invest less in egg production in proportion to their size. However, one must take into consideration that values of b = 3 for isometry are used in analyses of the relationship between measurements with different patterns of variation, in this case the carapace width (a linear measurement) and the number of eggs (a volumetric measurement, in that the number of eggs depends directly on the relationship between the mean egg volume and the internal volume of the female carapace). Therefore, the use of the largest width of the carapace as a reference measurement for body size can lead to overestimates, since other measurements such as the length and height of the carapace are always smaller values. Because of this problem, it is worth questioning whether this relationship would tend toward isometry if the number of eggs and a mean value of the different reference measurements for body size were used, since the analyses comparing the weight of females and the number or weight of eggs indicated that these relationships are isometric, as observed by Hines (1982) where the brood weight exhibited an isometric constraint to about 10% of body weight.
In some cases, after the puberty molt the female's growth rate decreases and most of the energy is directed toward reproduction (Costa and Negreiros-Fransozo, 1998) . The analysis of the proportion of non-ovigerous adult females in each gonad development stage by size class, confirmed the hypothesis that smaller females invest less energy in reproduction, as females in the rudimentary gonad stage (RU) predominated in the first size classes of ovigerous females, and their number decreased as the crabs grew. Females in the developedgonad stage (DE) showed exactly the opposite, i.e., higher proportions in the larger size classes and fewer in the smaller classes. Females in the developing-gonad stage (ED), despite being less abundant than the others, had a higher frequency of occurrence in the intermediate size classes (29.2 to 33.4 mm CW). These results suggest that smaller adult females take longer to pass through the rudimentary gonad stage (RU) than do larger females. They are probably directing energy resources toward somatic growth, which can be a strategy to reach larger sizes more quickly and maximize egg production, as proposed by Hartnoll and Gould (1988) . Thus, females that are capable of spawning again without an intervening copulation may increase production by minimizing the time required to produce more young, or may assure continued reproduction under stressful or hazardous conditions, when mating activity may be reduced (Morgan et al., 1983) .
The present results indicate that the probability of finding a female in the DE stage is higher among the larger females than the smaller ones. The best explanation for this may be that smaller females spend most of the time growing, while larger females spend more time reproducing. This explanation is in accordance with the initial hypothesis, but the variation of the reproductive investment in relation to the crab size could not be evaluated by traditional procedures (using only one spawning).
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